The optimised phage assay was carried out as previously described by PMS was performed on 1 mL of sample using 5 µL biotinylated-aMp3 peptide-140 and 5 µL biotinylated-aMptD peptide-coated MyOne TM Tosylactivated Dynabeads® 141 (Life Technologies), prepared in-house as described previously (Foddai et al., 142 2010b). Magnetic separation was carried out using the Dynal BeadRetriever (Life 143 Technologies) as described previously (Foddai et al., 2010b) . Magnetic capture was 144 carried out for 30 min at room temperature under continuous mixing, followed by two 145 washes in 1 mL Phosphate buffered saline (PBS) Queen's University Belfast (Rowe, Grant, Dundee, & Ball, 2000) to disperse clumps 165 of MAP cells, was included as the control treatment for each experiment. Once the 166 most promising ultrasonication setting had been established, the effect of 167 ultrasonication treatment of samples on ice (suggested by Schleig et al., 2005) , 168 rather than directly in water bath at ambient temperature, was also evaluated. The 169 effect of each de-clumping treatment was evaluated by comparing pfu, or cfu, counts 170 obtained before and after treatment.
171
To investigate the potential for MAP cells to reclump quickly in samples not 172 immediately processed after ultrasonication, 2 mL broth and whole UHT milk 173 suspensions of four MAP strains containing approximately 10 5 -10 6 cells mL -1 were cfu counts on HEYM (Fig. 1B) , although log 10 increases tended not to be as large as 265 observed with pfu mL -1 results.
266
Significantly greater de-clumping was achieved when ultrasonication was 267 applied to samples on ice in the sonicator bath (P < 0.001), rather than directly in the 268 water bath at ambient temperature ( Fig. 2A) . This was the case for all strains with 269 the exception of MAP strain 806R which showed considerable variability in counts 270 (large error bar) when vortexed with glass beads. Mean log 10 increase in pfu counts 271 observed for two type strains (ATCC 19698 and NCTC 8578) and two milk isolates increases tended not to be as large as observed with pfu mL -1 results.
282
The possibility of MAP cells re-clumping quickly after sonication treatment 283 was estimated by comparing counts recorded from samples enumerated at various 284 times after de-clumping. Mean pfu counts recorded for spiked milk samples 285 immediately after de-clumping and after each incubation time did not vary 286 significantly (P = 0.96), suggesting that no re-clumping occurred (Fig. 3A) . Similar 287 results were obtained for MAP broth cultures processed through the phage assay 288 started after 0 min, 15 min, 30 min and 1 h (P = 0.06, Fig. 3B ). However, a significant M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
13 increase in pfu mL -1 counts (~ 2 log 10 ) was consistently recorded for MAP broth 290 cultures incubated overnight in 7H9-OADC-2 mM CaCl 2 at 37 °C before the phage 291 assay commenced (Fig. 3B ). This substantial increase in pfu mL -1 was not 292 unexpected, as it is consistent with our previous finding (Foddai et al., 2009 ) that 293 there is enhanced phage infection of MAP cells and increased pfu counts when they 294 have been incubated overnight in the presence of 2 mM CaCl 2 . (control, ), ultrasonication on ice at 37 kHz for 4 min ( ), incubation for 5 min on 21 ice before ultrasonication on ice at 37 kHz for 4 min ( ), and incubation for 10 min 22 on ice before ultrasonication on ice at 37 kHz for 4 min ( ). 
